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(54) Hydroperoxide lyases 

(57) The present invention relates to the production 
of HPO lyase proteins in hosts via recombinant expres- 
sion of said proteins. Recombinant HPO lyase proteins, 
DNA sequences encoding these proteins, vectors con- 
taining these DNA sequences end hosts containing 
these vectors are provided, along with methods lor 
recombinant*/ producing such proteins, DNA 
sequences, vectors and hosts. Also provided are proc- 
esses for producing green note compounds. 
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Description 

The present invention relates to hydroperoxide lyases (hereinafter also referred to as HPO lyase proteins or pro- 
teins with HPO lyase activity), their microbial production via recombinant DNA technology, and their use for the produc- 
s tion of aliphatic aldehydes and alcohols! flavor molecules known "as green notes". 

"Green notes" are volatile flavor and fragrance molecules present in a wide variety of plant (eaves, vegetables and 
fruits characterized in organoleptic terms as fresh "green" and grassy. These compounds are produced by the plant 
from the degradation of unsaturated fatty adds (Unoleic and tinolenic acid). In Fig. 1 the formation of a variety of finolenic 
acid degradation products Is summarized. 
io Degradation of polyunsaturated fatty adds starts by the oxygenation at cls-cis double bonds of polyunsaturated 
fatty acids. This reaction is catalyzed by lipoxygenase (EC 1-13-1 1.12)-enzymes which are present in plants, animals 
and microorganisms. The oxygenated products, fatty acid hydroperoxides, are precursors for many important hor- 
mones (e.g. prostaglandins. Gpoxins, jasmonic add p traumatic add) and flavor/fragrance molecules (ag.. cis-3-hexenol, 
1-octen-3-oI). In plants, cleavage of the hydroperoxides occurs through the action of specific hydroperoxide lyases. 
75 Commercial production of natural "green note" compounds is currently achieved by fractional distillation of essen- 
tial oOs such as mint oil or by the combined action of lipoxygenase and hydroperoxide lyase on unsaturated tatty acids 
using plant material from different sources. 

However, these processes have the drawbacks that they provide low yields and/or depend on specific plant mate- 
rials. 

20 It has now been found that high reproducible yields of "green note" compounds (e.g M ds-3-hexenol) can be 
obtained independent of plant materials and in the absence of unwanted side reaction (e.g. isomerase activity) by trans- 
fer of the gene codng for HPO lyase from plant into host cads, subsequent expression of the gene, addition of finolenic 
add hydroperoxide as substrate, and reduction of deaved substrate by aldehyde dehydrogenase. In Fig. 2 the forma- 
tion of ds-3-hexenol from 13-(S)-hydroperoxy Underlie acid by recombinant HPO lyase is summarized. 

25 Thus, in a first aspect of this invention, there are provided isolated DNA sequences encoding proteins with HPO 
lyase activity or fragments thereof. Specifically, the DNA sequences of this invention are defined to Include the nucle- 
otide sequence SEQ ID No:1 or a fragment thereof or any DNA sequence which Is substantially homologous to the 
nudeotide sequence SEQ ID No:l or a fragment thereof. 

As used hereinbefore the term "Substantially homologous", means that a particular subject sequence, for example, 

so a mutant sequence, varies from a reference sequence by one or more substitutions, deletions, or additions, the net 
effect of which does not result in an adverse functional dissimilarity between the reference and subject sequences. For 
purposes of the present invention. DNA sequences having greater than 95 percent homology, encoding equivalent bio- 
logical properties, and showing equivalent expression characteristics are considered substantially homologous. For 
purposes of determining homology, truncation of the DNA sequence should be disregarded Sequences having lesser 

35 degrees of homology, encoding comparable bioactivity. and showing equivalent expression characteristics, ag.. frag- 
ments of the nudeotide sequence SEQ ID No:1 are considered substantial equivalents. Generally, homologous DNA 
sequences can be identified by crossphybrioization under standard hybridization conditions of moderate stringency. 

There are also provided vectors and expression vectors containing the DNA sequences of the present invention, 
hosts containing such vectors for the production of proteins with HPO lyase activity, and processes for the production 

40 of such DNA sequences, recombinant vectors and host cells. 

There are further provided recombinant proteins with HPO lyase activity. Specifically a protein with HPO lyase 
activity is defined to include the amino acid sequence SEQ ID No:2 or any protein or polypeptide having an amino add 
sequence which is substantially homdogous to the amino add sequence SEQ ID No2 and further having the following 
biological activity: When the protein or polypeptide is incubated under suitable conditions and a suitable amount of sub- 
strate such as 13-{S)-tino!en!c add hydroperoxide is added, the formation of tis-3-hexBnaI is observed. 

As used hereinbefore the term "substantially homologous" means that a particular subject sequence, for example, 
a mutant sequence, varies from a reference sequence by one or more substitutions, deletions, or additions, the net 
effect of which does not result in an adverse functional dissimilarity between the reference and subject sequences. Fbr 
purposes of the present invention, sequences having greater than 95 percent homology, equivalent biological activity 

so and equivalent expression characteristics are considered substantially homologous^ For purposes of determining 
homology, truncation of the sequence should be disregarded. Sequences having lesser degrees of homology, compa- 
rable b'oactivtty. and equivalent expression characteristics. e.g.. fragments of the amino add sequence SEQ ID No2 
are considered substantial equivalents. 

As used herein the term recombinant proteins with HPO lyase activity indudes proteins modified deliberately, as 

«r for example, by addition of specific sequences that preferably bind to an affinity carrier material. Examples of such 
sequences are sequences containing at least two adjacent histidine residues (see in this respect European Patent No. 
282 042). Such sequences bind selectively to nitrilotiiacetic acid nickel chelate resins (Hochufi and Dobefi. Bfol Chem. 
Hoope-Seyfer 368, 748 (1987); European Patent Net 253 303). Proteins with HPO lyase activity which contain such a 
specific sequence can. therefore, be separated selectively from the remaining polypeptides. The specific sequence can 
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be linked either to the C-terminus orlhe N-tefminus of the proteins with HPO lyase activity. 

Methods for the expression, isolation and purification of the proteins with HPO lyase activity are also provided. 
The following steps outline the methods for recornbinantly expressing the proteins with HPO lyase activity. 

s 1) Cloning of DNA sequences encoding proteins with HPO lyase activity 

DNA sequences encoding proteins with HPO lyase activity can be cloned using a variety of techniques. Using the 
methods described in this application cDNAs encoding proteins with HPO lyase activity or fragments thereof can be 
produced. These cDNAs can be isolated and empGfied by PGR technique using oligodeoxynucleotide DNA primers by 

10 conventional techniques. 

The cDNA (SEQ ID No:1) encoding the amino add sequence SEQ ID N02 is obtained using the DNA primers 
described in the examples. By using conventional technique, this cDNA has been isolated from a lambda phage cDNA 
library made from RNA derived from banana (Musasp.) leaves. 

The cDNA may be obtained not only from cDNA libraries, but by other conventional techniques. e.g. t by cloning 

is genomic DNA, or fragments thereof, purified from the desired ceils. These procedures are described by Sambrook et 
aL. in "DNA Cloning: A Practical Approach-, Vol I and II, D.N. Gover. ed. f 1985. MRL Press, Ltd., Oxford, UrC; Benton 
and Davis, Science 196, 180*182 (1977); and Grunstein and Hogness. Proa Nat Acad. Sci 72, 3961-3965 (1975). 

To obtain the cDNA encoding the proteins with HPO lyase activity cDNA libraries are screened by conventional 
DNA hybridization techniques by the methods of Benton and Davis, supra, or Grunstein and Hogness, supra using 

so radioactive HPO lyase gene fragments. Clones which hybridize to the radioactive gene fragments are analyzed, e.g., 
by restriction endonuclease cleavage or agarose gel electrophoresis. After isolating several positive clones the positive 
insert of one done is subdoned, ag., into phagemids, and sequenced by conventional techniques. 

Clones derived from genomic DNA may contain regulatory and intron DNA regions in addition to coding regions; 
clones derived from cDNA will not contain nitron sequences. In the molecular cloning of the gene from genomic DNA, 

25 DNA fragments are generated, some of which will encode the desired gene. The DNA may be cleaved at specific sites 
using various restriction enzymes. Alternatively, one may use DNAse in the presence of manganese to fragment the 
DNA, orthe DNA can be physically sheared, as for example, by sonieation. The linear DNA fragments can then be sep- 
arated according to size by standard techniques, including but not limited fa agarose and pdyacrylamide gel electro- 
phoresis and column chromatography. 

so Whatever the source, the DNA sequence encoding proteins with HPO lyase activity may be molecufary cloned into 
a suitable vector tor propagation of the DNA by methods known in the art Any commercially available vector may be 
used. For example, the DNA may be inserted into a pBluescript SK-vector. Appropriate vectors for use with bacterial 
hosts are described by POuwefe et aL. in "Cloning Vectors: A Laboratory Manual*. 1985, Elsevier. N.Y. As a represent- 
ative but nonfimiting example, useful dotting vectors for bacterial use can comprise a selectable marker and a bacterial 

as origin of replication derived from commercially available plasmids which are in turn derived from the well known cloning 
vector pBR322 {ATCC 37017)- Such commercial vectors include, for example. pKK223-3 (Pharmacia Fine Chemicals, 
Uppsala. Sweden) and pQEMi (Promega Bfotec, Madison, Wise., USA). 

The DNA sequences encoding proteins with HPO activfty inserted in these commercially available vectors can be 
verified by methods known in the art e.g.. by standard nucleotide sequencing techniques. 

40 DNA sequences that code for proteins with HPO activiiy from plants other than banana may be used herein. 
Accordingly, while specific DNA has been cloned and sequenced m relation to the DNA sequence in banana leaves, 
any plant cell potentially can be used as the nucleic acid source of the protein with HPO activity. 

2) Production of proteins with HPO lyase activity 

45 

Cloned DNA sequences that code for proteins with HPO lyase activity can be expressed in hosts to enable the pro- 
duction of these proteins with greater efficiency. Techniques for these genetic manipulations are specie for the different 
available hosts and are known in the art 

Fw expression of proteins with HPO lyase activity in hosts, in principle, all vectors which replicate and express DNA 
so sequences encoding the proteins with HPO lyase activity in the chosen host are suitable. Expression vectors suitable 
for use in prokaryotic host cells are mentioned, for example, in the textbook "Molecular Cloning - A Labc>ratory Manual", 
Cold Spring Harbor Laboratory (1982), of Maniatis et al. Examples of other vectors are plasmids of the pDS family 
Pujaid et aL. Methods in Enzyrooiogy. eds, Wuand Grossmann. Academic Press, Inc., VoL 155, 416-433 fl9S7)]. 

Such prokaryotic expression vectors which contain the DNA sequences coding for the proteins with HPO lyase 
55 activity operativery linked with an expression control sequence can be incorporated using conventional methods into 
any suitable prokaryotic host cell. The selection of a suitable prokaryotic host cell is determined by different factors 
which are well-known in the art Thus, far example, compatibility with the chosen vector, toxicity of the expression prod- 
uct expression characteristics, necessary biological safety precautions and costs play a role and a compromise 
between all of these factors must be found 
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Suitable prokaryotic host organisms Include gram-negative and gram-positive bacteria, for example E cofl and B. 
subfflis strains. Examples of prokaryotic host organisms are E. coti strain M1 5 (described as strain OZ 291 by Viflaiejo 
etaL in J. Bacterid. 120. 46^474 [1974] and EL cofi W31 10 [ATCC No. 27325]). In addition to the aforementioned E 
cofi strains, however, other generally accessible E cdi strains such as E coli 294 (ATCC No. 31446) and E. cofi RR1 
5 (ATCC No. 31343) can also be used. 

In a prefenred embodiment of the present invention yeast is used as the host organism.' Expression vectors suitable 
for use in yeast cells are described in "Guide to yeast genetics and molecular biology", Guthrie and Fink, eda . Methods 
in Enzymotogy. Academic Press. Inc. Vol. 194 (1991) and "Gene expression technology". Goeddel, ed. Methods In 
Enzymotogy, Academic Press, Inc., Vol 185 (1991). The preferred yeast vector of the present invention is the plasmid 

10 ' pYX233 (R&D systems. Abingdon. UK). Examples of suitable yeast cells are Saccharomyces cerevisiae, Pichia pas- 
toris, Hansenula polymorphs, ScHzosaccharomyces pombe cells. An overview on various yeast expression systems is 
given by Romanes et al., Yeast. Vol. 8. 423468 (1992). Especially preferred yeast cells of the present invention are S 
cerevisiae DBY746 [ATCC 44773]. 

The transformation with the yeast expression vectors is earned out as descrfced by Ktebe et at. Gene. VoL 25, 333- 

15 341(1983). 

The manner in which the expression of the proteins with HPO lyase activity is carried out depends on the chosen 
expression vector host cell system. 

Usually, the prokaryotic host cells which contain a desired expression vector are grown under conditions which are 
optimal for the growth of the prokaryotic host cells. At the end of the exponential growth, when the increase in cell 

a? number per unit time decreases, me expression of the desired protein with HPO lyase activity is induced. i.e,. the DMA 
coding for the desired protein with HPO lyase activity is transcribed and the transcribed mRNA is translated. The Induc- 
tion can be canied out by adding an inducer or a derepressor to the growth medium or by altering a physical parameter, 
e-g.. a change in temperature. For example, the expression can be controlled by the lac repressor. 

By adefing isoprof^-p^thiogalactopyi^ GPTG), the expression control sequence is derepressed and the 

25 synthesis of the desired protein Is thereby induced. 

The yeast host cells which contain a desired expression vector are grown under conditions which are optimal for 
the growth of tfie yeast host cells. A typical expression vector contains the promoter element, which mediates the tran- 
scription of mRNA, the protein coding sequence, a ribosorna! binding site for effective translation- Additional elements 
may include terminator, signal, and upstream activating sequences. 

so The yeast cells are grown as described by Sherman in T3uide to yeast genetics and molecular biology". Guthrie 
and Fink, eds., Methods in Enzymotogy, Academic Press, Inc. VoL 194. 3-21 (1991). 

The baculovirus-insect cell vector system can also be used for the production of the proteins with HPO lyase activ- 
ity of the present invention (for review see Luctow and Summers, Bio Technology 6. 47-55 [1 988D- The proteins with 
HPO lyase activity produced in insect cells infected with recombinant bacUovims can undergo post-transtetional 

as processing including N-glycosytation (Smith et aL, Proa Nat Scad. ScL USA 82, 8404-8408) and O-glycosylation 
(Thomson et aL. 12. International Herpesvirus Workshop. University of Philadelphia. Pennsylvania). 

Plants can also be used as hosts for the recombinant production of proteins with HPO lyase activity Transfer of the 
gene coding far the protein with HPO lyase activity may be achieved by a variety of methods (for review see Potrykus 
and Spangenberg, eds^ Gene transfer to plants. A laboratory manual. Springer Verlag, Heidelberg. Germany (1995)). 

40 whereby the HPO lyase gene is integrated into the dvomosome Of the host plant Homologous expression - overex- 
presston - of the protein with HPO lyase activity can be achieved, for example, by transforming a banana (Musa sp.) 
plant with the HPO lyase gene isolated from a banana gene library A transformation protocoll of banana plants can be 
found in Bio Technology 13 (5). 486-492 (1995) or Bio Technology 13 (5), 481-485 (1995). Other examples for plant 
hosts for the production of recombinant HPO lyase protein include, but are not limited to maize (Zea mays. Ishida et aL 

45 Nature Biotechnology 14, 745-750 (1996)). flax (Unum usitatissimum. Dong and Mchughen. Plant Sci. 88 (1) 61-71 
(1993)) and soybean (Glycine max, Christou eta!-. Tfotech 8. 145-151 (1990)). 

Fbr the isolation of small amounts of proteins with HPO lyase activity expressed in prokaryotic host cells for analyt- 
ical purposes, ag., for polyacrytemide gel electrophoresis, the host cells can be disrupted by treatment with a deter- 
gent e.g., sodium dodecyl sulphate (SDS). Larger quantities of the HPO lyase protein can be obtained by mechanical 

so [Charm et al.. Meth. EnzymoL 22. 476-556 (1971)1 enzymatic flysozyme treatment) or chemical (detergent treatment 
urea or guanidinium hydrochloride treatment etc.) treatments followed by use of known methods. e>g..bycenWugaSon 
at Afferent gravities, precipitation with ammonium sulphate, dialysis (at normal pressure or at reduced pressure), pre- 
parative isoelectric focusing, preparative gel electrophoresis or by various chromatographic methods such as gel filtra- 
tion. high performance Equid chromatography (HPLQ. Ion exchange chromatography, reverse phase chromatography 
and affinity chromatography (ag., on Sepharose® Blue CL-6B). 

For the isolation of small amounts of proteins with HPO lyase activity expressed in yeast host cells for analytical 
purposes, eg., for poIyacrylamJde gel electrophoresis, the host-cells can be disrupted by the use of glass beads as 
described by Oriean et al. in "Guide to yeast genetics and molecular biology-, Guthrie and Fink, eds.. Methods in Enzy- 
motogy. Academic Press. Inc.. Vol. 194. 682-697 (1991). Larger quantifies of the proteins with HPO lyase activity can 
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be obtained by passing recombinant yeast cells through a Dyno-Mai apparatus fined with glass beads according to the 
instructions of the manufacturer (Willy Bachofen. Maschinenfabrik AG, Basel. Switzerland). 

The proteins with HPO lyase activity expressed in the baculovirusinsect cell vector system can be isolated from the 
host cell medium using standard protein purification methods. 
s The proteins with HPO lyase activity can be used in the production of natural 'green note" compounds by catalyzing 
the formation of aldehydes from fatty acid hydroperoxide. 

Hence the present invention also provides a process for the production of natural "green note" compounds, which 
process comprises fiie steps of: 

10 a) reacting tatty add hydroperoxide with recombinant proteins with HPO lyase activity; and 

b) reacting the resulting aliphatic aldehydes with isomerase and/or alcohol dehydrogenase. 

The term "green note" compounds relates to leaf aliphatic aldehydes and leaf aliphatic alcohols, e.g., ds-3-hexenol 
is and trans-2-hexenaL Examples of tatty add hydroperoxides are given in Fig. 1 . 

In the process for the production of natural "green note" compounds the proteins with HPO lyase activity can be 
used In isolated form, or alternatively, in form of cell-free extracts obtained from host cells containing vectors for the pro- 
duction of protein with HPO lyase activity. 

In a preferred specific embodiment of the present invention, the process for the production of natural "green note" 
20 compounds is employed to produce cis-3-hexenol. The qjecffic process for producing ds-3-hexenol comprises the 
steps of: 

a) reacting 13<S)4iydroperoxtde linotenic add with recombinant proteins with HPO lyase activity; and 

25 b) reducing the resulting ris-3-hexanal with alcohol dehydrogenase. 

In performing the specific process for producing ds-3-hexenoJ, preferably the proteins with HPO lyase activity are 
obtained from Saccharomyces cerevisiae cells containing vectors for the production of said proteins and reduction of 
cis-3-hexenai to cis-3-he*enol is catalyzed be endogeneous aldehyde dehydrogenase. Fig. 2 summarizes schemati- 
& caBy this specific process. 

The green note compounds, ag. cis-3-hexenol, prepared by the process of the present invention can be used as 
ocforant and/or flavorant and worked into odorant and/or flavorant compositions in a manner known per se. 

Having now generally described this invention, the same will become better understood by reference to the specific 
examples, which are included herein for purpose of illustration only and are not intended to be limiting unless otherwise 
55 specified, in connection with the following figures: 

Fig. 1 summarizes schematically the degradation of Onolenlc acid by the lipoxygenase pathway in plants 

fig. 2 summarizes schematically the formation of cis-3-hexenol from 13<S)-hydroperoxy Rnolenic add by recom- 
40 binant HPO lyase protein and alcohol dehydrogenase 

Linolenic acid^13S}-hydroperoxide was produced as deserted by tecazio et aL (JL Org. Chem. 55, 1090-1691 
[199QD using Mpoxygeriase-1 from Ruka (62340; Ruka. Buchs, Switzerland). Linolenic add (62159; Fluka, Buchs, 
Switzerland) was used as precursor. Typically, a 60 - 70 mM aqueous solution of linolenic acid hydroperoxide was 

4s obtained under these conditions. This precursor can be stored for several month in <X5 ml afiquots at -80°C. 

Enzyme activity of banana HPO lyase protein was measured as follows; The reaction Volume was 500 pi containing 
20 mM sodium phosphate buffer, pH 6.8. 0.8 mM linolenic add hydroperoxide and SO pi of banana HPO lyase protein 
in aqueous buffer. The reacfion was incubated for 10 irfn at room temperature and subsequently stopped by the addi- 
tion of 200 pi of methyl-t-buiyleflier containing an internal standard such as ds^-hexenol. Activity of the lyase was 

so determined as function of the amount of ds-3-hexenal produced during this standard reaction. Cis-3-hexenal was quan- 
tffied by capillary gaschromatography as described by ODas at al-, J, Agric Food Chem, Vol- 41 . 2368-2373 (1993). 

Example i 

55 Purification of banana HPO lyase prfl gin 

About 5 kg of banana {Musa sp.; purchased from a local store) tissue was used for the isolation of the HPO lyase 
proteia Operations were carried out at 4°C. ABquots of 560 g of banana tissue were homogenized In 1 .1 1 of ice cold 
buffer A (50 mM sodium phosphate buffer. pH 6A 2 mM dithkrthreitol, 7 mM EDTA. 0.25 mM PMSF) and 36 g of PVP 
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K30 from Huka using a Waning blender. The homogenate was centrifoged at 1 0*000 x g for 20 min and the supernatant 
(oruds extract) was filtered through 3 layers of Miracicth (Calbiochem). The resulting filtrate was centnfuged at 100*000 
x g for 50 min and the pellet was homogenized and sotublllzed in 1 50 ml buffer B (20 mM Tris. pH 7.0, 0- 1 % Triton X1 1 4) 
and subsequently darffied by centrifugatfon at 100*000 x g for 30 min. The solubflized HPO lyase protein fraction was 

s applied to a column of DEAE-CL6B (2.6 cm id. x 20 cm; Pharmacia) that was equilibrated with buffer A. HPO lyase pro- 
tan was eluted with a linear gradient of 0 - 0-5 M ammonium acetate in buffer B at 2 mlftnin. Fractions were collected 
and screened for activity of HPO lyase. Active fractions were pooled and concentrated by ultrafiltration with an Amicon 
ultrafiltration unit containing a PM30 membrane (Amicon), The concentrate, about 8 ml, was appGed in a ml aliquots per 
chromatography run to agetfatrationcolumn (Superose 6, 23 mm LcL x 50 cm. attached to a FPLC apparatus, Pharma- 

io da). The flow rate was 1.5 ml/min of buffer B and fractions were collected and assayed for activity of HPO lyasa Active 
fractions were pooled and applied to an anion exchange chromatography (Pores 2Q HQ, 4.6 mm id x 100 mm. Percep- 
tive Biosystems). The chromatography was performed on a BtoCAD-Sprint workstation (Perseptive Biosytems) with a 
flow rate of S rrf/min. The HPO lyase was eluted 

reduced) to buffer C containing 0.5 M ammonium acetata Fractions were collected and assayed for HPO lyasa activity. 

is Active fractions ware pooled, the pH was set to approximately 7-5 by dilution with buffer D (20 mM Tris pH 8.0, 02. % 
Triton X100 reduced) and reapplied to the Poros anion exchange column equilibrated with buffer D. The HPO lyase 
activity was eluted with a gradient of 0 - 0.4 M ammonium acetate in buffer D. Fractions were collected, assayed for HPO 
lyase activity and aliquots of each were analysed by. SDS-polyacryiamide gel electrophoresis (SDS-PAGE). SDS-PAGE 
was performed as described by Ausubel et aL, eds. "Current Protocols in Molecular Biology", (1995) published by Cur- 

2Q rent Protocols, U&A, using a Minigel apparatus (Hoeffer SE280). The gel was stained using a silver stain Plus kit (Bio- 
Bad) according to the manufacturers instructions. The HPO lyase was detected as protein band of about 55 kDA size. 
The specific activity was 6000 jimol ct$-3-hexenal produced/hr/mg of protein. The protein activity was purified to more 
than 9000-fokL 

Fractions containing the activity maxima from an repetitive purification rims were pooled and concentrated by pre- 
25 cipftation For this, the pooled fractions were mixed with two volumes of ethanol and cooled to -20°C for 5 hrs. The mix- 
ture was centrifuged at 20*000 x g for 30 win and the resulting peUet was washed wfo 70 %ethand^ 
min. The pellet was resuspended in 160 pi Tririne sample buffer (Novex. San Diego, USA) and the sample subjected to 
SDS-Tricine-RAGE (10-20%) (Novex, San Diego, USA). The protein bands were blotted onto a PVDF membrane 
(Immobilon PSQ. MilGpore) with transfer buffer (1 o mM 3^cydohexylamino)-l-propanesulforBC acid. 1 0% methanol, pH 
so 11.0) for 60 min at 400 mAina Trans-Blot cell (BioRad Laboratories, Richmond, California) and stained with Ponceau 
S (0.1% Ponceau S in 10% acetic arid). The stained bands were cut out of the gel and digested in 100 mM Tris-HCl, 
pH 8.0, containing 1% reduced Triton X-100 (RTX), 10% acetonitrile and 1 pg Lys-C overnight at 3T& The samples 
were loaded on a Vydac C8 (250 x 1 mm) reverse-phase column. Sequence analysis of the eluted peptides was per- 
formed on a ABi Proctse Protein Sequencer. 
35 Amino add sequences were obtained from 4 individual peptides as shown below 

PEP1: VV1ALQUPTVK 

PEP2: SKQADPSVSPDVGENGFVMLD 

40 

PEP3: NIUGDYMPSLSFTC^TRWVYLDP 
PEP4: {D)(5LDRF{hQFQGPETFraSRMAr(lfl 
45 (amino acid residues in parentheses are only tentatively assigned) 
Example? 

Clonino of DNA encoding HPO lyase protein 

so 

A. Isolation of RNA from banana leaves 

Banana (Musasp-) leaves containing high hydroperoxide lyase activity were frozen in liquid nitrogen and the tissue 
was powdered using mortar and pestle. Total RNA was isolated from the leaf powder using the RNeasy total RNA puri- 
5? fication system from Qiagen according to the manufacturer's protocol supplied with the purification system. Poly 
A+mRNAwas obtained from the total RNA obtained using an oligotex mRNA Kit purchased from Qiagen (Qiagen AG, 
4052 Basel, Switzerland). 
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B. Generation of a HPO lyase probe 

A number of degenerate PCR primers were designed based on the amino acid sequences obtained from the HPO 
lyase peptides. Different primer pairs were used to amplify part of the banana HPO lyase gen e. A specific amplication 
product was obtained, using the following sense and antisen&e primer pain 

sense:* 5' TTT CAA GGI CCI GAA ACI TTT TT 3' 

C G G C 

aatisense: 5' GG CAT ATA ATC ICC IAT iaa AAT 3 • 

G G G G 

T 



(mulfiple nucleotides at a single posffion reflect the degeneracy, equal amount of each nucleotide were Incorporated 
into that position, I designates Inosine) 

First strand cDNA synthesis was carried on about 1 00 ng of total RNA using SuperScrpt RNase H- Reverse Tran- 
skrqptase (Gfcco BRL). PGR with AiT)pin&q (PerWn-Elmer) on the cDNA was performed far 40 cycles (initial heating 
94*0, 3 min, anneaTmg 50*C, 1 min, extension 72°C t 1.5 min, denatumfion 94° 0-5 min; GeneAmp PGR System 2000, 
Perkln Elmer). The approximately 200 bp PCR product was Isolated from an agarose gel and cloned into the pCR-Scrtpt 
SK(+) vector (Stratagene). The DNA sequence of the gene fragment was determined (commercial service: Microsynth 
GmbH Balgach, Switzerland). The amino acid sequence encoded by the gene fragment Is as follows: 

FQGPETFFRS RMATHKSTVF RTNMPPTFPF FVGVDPRWT VLDCTSFSAL FDLEWEKKN ILIGDYMP 

TOs gene fragment was used to generate a racfioacfive probe. For this, 50 ng of gel-purified fragment were labeled 
using the BioPrime DMA labeling System (GfocoBRL) essentially as described by the manufacturer. Instead of using 
bkjfinylated nucleotides, [a32P] dCTP (50 jiCi, 6000 Ci/rnmol; Amersham) was used. Nonicorporated nucleotides were 
removed using the QIAquick Spin PCR purification kit (Qiagen). 

C- Construction of a banana leaf cDNA library 

3-5 fig of banana plant mRNA were used to prepare cDNA which was then Ogated into XZAP Express 1 " vector 
using the ZAP Express™ cDNA Gigapack II Gold cloning kit (Stratagene GmbH, Heidelberg. Germany). The phages 
obtained were then amplified before initial screening of the gene bank. 

D. Screening of the banana loaf cDNA library 

About 6 x 10 5 plaques were screened using the radioactive HPO lyase gene fragment (see above). Hybridizafion 
was done using the Quickhybe solution from Stratagene and 100 ugAnl salmon sperm DNA tor 3 hrs at 68*C. Two 
rounds of screening were carried out A total of 18 positive clones were obtained. The lambda vector containing the 
positive Inserts were converted into phagemfcte using ExAssist Helper Phages as described (ZAP-cDNA® II Gold clon- 
ing kft Stratagene) and pJasnrtid DNA was isolated from an clones using the Pbsmkf Midi Kit (Qiagen) according to the 
manufacturers description. 

E. DNA sequence determination of the HPO lyase gene from banana 

The DNA sequence of the phagerrid insert was determined at a commercial sequencing center (MecGGene GmbH, 
Martinsried, Germany) and is given as SEQ ID No:1. 

ExfrralftS 

Expression of HPO lyase protein jn yeast 

A. Subcloning of the cDNA into the yeast expression vector pYX233 

The cDNA insert of the phagemid obtained as described above was subctoned into yeast expression vector 
pYX233 (R&D systems, Abingdon, UK). For this purpose oligonucleotides with one part corresponding to the 
respectively N-terminal sequence of the cDNA and the second part harboring an appropriate restriction site recognition 
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sequence were used. The two following oligonucleotides were synthettzed (Mlcrosynth GmbH, Balgach, Switzerland): 

sense: 5 CATGCCATGGCTATGATGTGGTCG 3 1 

antisense: 5' GAGAAGCTTGAGCTCTOGCCTCCTGCAACGTC 3' 

Using these 2 primers a PCR reaction was carried cut on 10 ng Phagemid using AmpfiTAQ (Perkin-EImer) for 25 
cycles with conditions as given in example 2. The 1.6 Hd PCR-product was digested with the restriction enzymes Ncol 
and Sad (New England Btolabs inc.). The double digested PGR product was then purified and isolated from agarose 
gels using the Qia&c Kh (Qiagen). In parallel, the yeast expression vector pYX233 was linearized by digestion wffii Ncol 
and Sad. The open vector and the purified PCR product were Cgated In a 1:1 molar amount according to standard pro- 
tocoO as reported by Sambrook et al. supra. The plasmid now containing the cDNA was transformed into E coliDHSa 
(GibcoBRg from which the plasmid DNA was isolated using Qiagen Plasmid Midi Kit (Qiagen. Germany). 

B. Transformation of yeast strain 

5 jig of the plasmid was transformed into & cerevisiae DBY746 (ATCC 44773) as described by Klebe et al supra. 
The transformed yeast cells were plated onto suitable selective media (SD medium supplemented with the amino acids 
hisfidine. leucine, uracil; see Sherman in "Guide to yeast genetics and molecular biology". Guthrie and Rnk, eds. Meth- 
ods in Enzymofogy; Academic Press, too. Vol. 194, 3-21 (1991) for description of the medium) and grown for 4 days at 
30°C. These cells were the source for the heterologous lyase protein. Colonies grown on the selective agar media were 
grown in liquid SD medium sipplemented with the above amino adds. Induction of expression of the gene encoding 
the lyase protein was achieved by addition of 2% (final concentration) of galactose to the growth medium when culture 
densities had reached an absorption of 0.4 measured at 600 nm. The induction protocoU was performed essentially as 
described by MyCn et al. in "Gene expression technology-. Goeddel. ed.. Methods in Enzymoiogy. Academic Press, 
Inc., Vol. 185, 297-308 (1991). Culture samples were removed 4 hr after addition of galactose and the activity of the 
lyase protein was measured from broken cells as described before. 

Production of ris-3-hexenol 

a cerevisiae cells containing the recombinant plasmid. vector pYX233 containing the HPO lyase gene as 
described in example 3. were cultured in 100 ml SD medum supplemented with the amino adds hisfidine, leucine, 
uracil (see Sherman, Supra, for description of the medium) at 30°C. Induction conditions were as descrfoed in example 
3. \ ^ 

The cells were harvested by centrrfugafion (8000 x g for 10 irtn) and the ceil pellet was resuspended in 10 ml of 10 mM 
phosphate buffer. pH 6A 0.05% Triton-XlOO. 0.25 mM PMSF, 1 mM findenfo acid hydroperoxide. To the cell suspen- 
sion. 10 g glass beads (0.2-0.4 mm in diameter; Sigma) were added, and the mixture was vigorously vortexed 3*fimes 
for 1 min. The reaction mixture was incubated for 30 min at room temperature, after which 0.2 g bakers yeast cells (Hefe 
Schwefe AG) were added. The incubation was carried out for an additional 30 min. 

The reaction mixture was extracted with 10 ml of me%l«t-butyiether and the organic phase separated bycentrifugation 
(8000 x g for 1 0 min). The supernatant containing the produced cis-3-hexeno! was saved. Cis-3-hexenol concentration 
was determined by capillary gas chromatography as described by OGas etai. (1993) J. Agric Food Chem. 41, 2368- 
2373. 

Examples 

Production of ds-3-hacanol and cfe-a-hfl xenal using whole veast celte 

The lyase gene was doned into the yeast expression vector pYX2l2 (R&D Systems). Rjrthfe, the double digested 
and purified PCR product (as described In Example 3) was ligated into the vector pYX212 which was linearized with the 
restriction enzymes Ncol and Sad. The plasmid which contained the PCR pioduct was transformed into EL con DH5a 
(GUco BRL Sambrook etaL, supra) from which theplasnid DNA was isolated using Qiagan Plasmid Midi Kit (Qiagen. 
Germany). 5 ng of the plasmid was transformed into S. cerevisiae D8Y746 (ATCC 44773) as described by Klebe et al 
supra. The transformed yeast cells were plated onto suitable selective media (SD medium supplemented with the 
amino aads histicfine, leucine, tryptophane; see Sherman, supra, for description of the medium) and grown for 4 days 
at 30"C. Colonies grown on the selective agar media were regrown In liquid SD medium supplemented with the above 
ammo aads. 
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Production of ris-3-hexenai 

S. cerevisiae cells containing the recombinant plasmid, vector pYX212 containing the HPO lyase gene as 
described above, were cultured in 100 ml SD medium supplemented with the above amino acids at 30°C until culture 

s densities reached an absorption of about 10 measured at 600 run. The HPO lyase was expressed continuously from 
the constitutive triosephosphate isomerase promoter from the vector pYX21 2. The celts were harvested by cenfrifuga- 
tion (8000 x g for 10 min) and resuspended in 20 ml 10 rnM phosphate buffer. pH 6.8. 10 mM linolenfc acid hydroper- 
oxide. The reaction mixture was incubated for 30 min at room temperature and subsequently extracted with 10 ml of 
methyl-t-butyiether. The organic phase was separated by centrifugafion (8000 x g for 1 0 min} and the supernatant con- 

10 taining the produced tis-3-hexenai was saved. 

Prvdugfen gf q*fc3Ae*ePPt 

S. cerevisiae celts containing the recombinant plasmid, vector pYX212 containing the HPO lyase gene as 
is deserved above, were cultured in 100 ml SD medium supplemented with the above ammo adds at 30°C until culture 
densities reached an absorption of about 10 measured at 600 run. The HPO lyase was expressed continuously from 
the constitutive triosephosphate isomerase promoter from the vector pYX212. The cells were harvested by centrifuga- 
fion (8000 x g far 10 min) and resuspended in 20 ml 10 mM phosphate buffer, pH 6.8, 10 mM Gnotenic add hydroper- 
oxide. 2 ml of ethanol and 1 0 g of commercial bakers yeast cells (Hefe Schweiz AG) were added to the resuspended 
so recombinant yeast cells. The reaction mixture was incubated for 30 min at room temperature and subsequently 
extracted with 10 mi of methyi-t-toutylether. The organic phase was separated by centrifogation (8000 xg for 10 nun) 
and the supernatant containing the produced ds-3-hexenol was saved. Cis-3-hexena! and ris-3-hexeno! concentrations 
were determined as described in Example 4. 

25 



so 



40 



45 



50 



55 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i) APPLIOUSPT: 

(A) NAME: CXVAEIDAN-ROUHE (INTERNATIONAL) £A 

(B) STREET: Ch * Par f umorift 5 

(C) CITY; Vernier 

(D) STATE: Geneva 

(E) COUNTRY: Switzerland 

(F) POSTAL CODE (ZIP) : CS-1214 

(G) TELEPHONE; 061-688 42 56 

(H) TELEFAX: 061-688 13 95 

(I) TELEX: 962292/965542 hlr ch 

(ii) TITLE OF INVENTION: Hydroperoxide Lyases 
(iii) NUMBER OF SEQUENCES: 2 
(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(5) COMPUTER: Apple Macintosh 

(C) OPERATING SYSTEM: System 7.1 (Macintosh) 

CD) SOFTWARE: Word 5-0 

(2) INFORMATION FOR 5EQ ID NO: 1: 

(A) LENGTH: 1630 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: CDNA 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 
(xx) FEATURE: 

(A) NAME/KEY: CDS 

(BJ LOCATION: 25 . .1473 

(xi) SEQUENCE DESCRIPTION : SEO tO NO: 1: 

AAGAAGAAGA GAGGGAAGGT ACGG ATG GCT ATO ATG TGG TCG TCA GCC TCC i 

Met Ala Met Met Trp Ser Ser Ala sar 
1 5 

GCC ACC GCC OTC ACC ACG CTG CCO ACG AGG CCC ATC CCT GGA AGC TAC 
Ala Thr Ala Val Thr Thr Leu Pro Thr Arg Pro He Pro Gly Ser Tyr 
10 15 20 25 
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GGC CCG CCG CTG GIG GGC CCC CTC AAG GAC CGC CTC GAC TAC TTC TGG 147 
Gly Pro Pro Leu Val Gly Pro Leu Lys Asp Arg Leu Asp Tyr Phe Trp 
30 35 40 

s 

TTT CAG GGA CCG GAG ACC TTC TTC CGC AGC CGG ATG GCC ACC CAC AAG 135 
Phe Gin Gly Pro Glu Thr Phe Phe Arg Ser Arg Met Ala Thr His Lys 
45 50 55 

AGC ACC GTG TTC CGC ACC AAC ATG CCC CCC ACC TTC CCC TTC TTC GTT 243 
10 Ser Thr Val Phe Arg Thr Asn Mat Pro Pro Thr Phe Pro Phe Phe Val 

60 6S 70 

GGA GTC GAC CCC CGC GTG GTC ACC GTC CTC GAC TGC ACA TCC TTC TCC 291 
Gly Val Asp Pro Arg Val Val Thr Val Leu Asp Cys Thr Ser Phe Ser 
75 80 85 

15 

GCC CTC TTC GAC CTC GAG GTC GTG GAG AAG AAG AAC ATT CTC ATC GGG 339 
Ala Leu Phe Asp Leu Glu Val Val Glu Lys Lys Asn lie lieu He Gly 
50 35 100 105 



GAC TAC ATG CCC AGC CTC AGC TTC ACC GGC GAC ACC CGC GTC GTC GTG 387 
20 Asp Tyr Met Pro Ser Leu Ser Phe Thr Gly Asp Thr Arg Val Val Val 

110 115 120 



TAC CTC GAC CCC TCC GAG CCC GAC CAC GCC CGC GTG AAG AGC TTC TGC 435 
Tyr Leu Asp Pro Ser Glu Pro Asp His Ala Arg Val Lye Ser Pha Cys 
2- 125 130 135 

TTG GAA CTC CTC AGG CGC GGC GCC AAG ACC TGG GTC TCC TCG TTC CTC 483 
Leu Glu Leu Leu Arg Arg Gly Ala Lys Thr Trp Val Ser Ser Phe Leu 
140 145 150 

30 TCC AAT CTC GAT GTC ATG CTC GCC ACC ATA GAG CAG GGG ATC GCC AAG 531 

Ser Asn Leu Asp Val Met Leu Ala Thr He Glu Gin Gly He Ala Lys 
155 160 165 

GAT GGC TCC GCC GGC TTA TTC GGC CCG CTG CAG AAG TGC ATC TTC GCG 579 
Asp Gly Ser Ala Gly Leu Phe Gly Pro Leu Gin Lys Cys lie Phe Ala 
& 170 175 180 185 

TTC CTC TGC AAG AGC ATC ATC GGG GCC GAC CCG TCG GTG TCG CCC GAC 627 
Phe Leu Cys Lys Ser lie He Gly Ala Asp Pro Ser Val Ser Pro Asp 
190 195 200 

40 GTG GGA GAA AAT GGC TTC GTC ATG CTC GAC AAG TGG CTT GOG CTG CAG 675 

Val Gly Glu Asn Gly Phe Val Met Leu Asp Lys Trp Leu Ala Leu Gin 
205 210 215 

CTC CTC CCG ACG GTG AAG GTC GGG GCC ATC CCG CAA CCC CTG GAG GAG 723 
45 Leu Leu Pro Thr Val Lys Val Gly Ala lie Pro Gin Pro Leu Glu Glu 

220 225 230 

ATC CTC CTC CAC TCC TTC CCC CTC CCC TTC TTC CTC GTG AGC CGC GAT 771 
He Leu Leu Hie Ser Pha Pro Leu Pro Phe Phe Leu Val Ser Arg Asp 
235 240 245 



50 



TAC CGG AAG CTG TAC GAA TTC GTC GAG AAG CAA GGC CAA GAG GTT GTC 819 
Tyr Arg Lys Leu Tyr Glu Phe Val Glu Lys Gin Gly Gin Glu Val Val 
250 255 260 265 
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CGG CGA GOG GAA ACC GAG CAC GGG CTC AGC AAG CAC GAC GCC ATC- AAG 867 
Arg Arg Ala Glu Thr Glu His Gly Leu Ser Ly* His Asp Ala lie Asa 
270 275 280 

AAC ATC TTG TTC GTC CTA GGA TTC AAC GCC TTC GGC GGC TTC TCG CTC 915 
Asn tie Leu Phe Val Leu Gly Phe Asn. Ala Phe Gly Gly Hie ser Val 
285 290 295 

•TTC TTC CCC ACG CTC CTG ACC ACC ATA GGG AGG GAC AAG ACG GGC CTG 963 
Phe Phe Pro Thr Leu Leu Thr Thr lie Gly Arg Asp Lys Thr Gly Leu 
300 305 310 

CGG GAG AAG CTC AAG GAC GAG GTG CGC AGG GTC ATG AAG ACT AGA GGG 1011 
Arg Glu Lys Leu Lys Asp Glu Val Arg Arg Val Met Lys Ser Arg Gly 
315 320 325 

GAG AAG CGG CCG AGC TTC GAG ACG GTG CGG GAG ATG GAG CTG GTG CGA 1059 
Glu Lys Arg- Pro Ser Phe Glu Thr Val Arg Glu Met Glu Leu Val Arg 
330 335 340 345 

TCG ACG GTG TAC GAG GTC CTG CGG CTG AAC CCG CCG GTG CCG CTG CAG 1107 
Ser Thr Val Tyr Glu Val Leu Arg Leu Asn Fro Pro Val Pro Leu Gin 
350 355 360 

TAC GGG CGG GCG CGC ACC GAC TTC ACG CTG AAC TCC CAC GAC GCG GCG HS5 
Tyr Gly Arg Ala Arg Thr Asp Phe Thx Leu Asn Ser His Asp Ala Ala 
365 370 375 

TTC AAG GTT GAG AAG GGG GAG TTG CTG TGC GGG TAC CAG CCG CTG GTG 1203 
Phe Lys Val Glu Lys Gly Glu Leu Leu Cys Gly Tyr Glu Pro Leu Val 
380 305 390 

ATG CGG GAT CCA GCG GTG TTC GAC GAC CCG GAG ACG TTC GCC CCG GAA 1251 
30 Met Arg Asp Pro Ala Val Phe Asp Asp Pro Glu Thr Phe Ala Pro Glu 

395 400 405 

AGG TTC ATG GGC AGC GGG AAG GAG CTG CTC AAG TAC GTC TTC TGG TCC 1299 
Arg Phe Met Gly Ser Gly Lys Glu Leu Leu Lys Tyr Val Phe Trp Ser 
410 415 420 425 

35 

AAC GGG CCG GAG ACG GGT ACG CCG ACG CCG GCC AAC AAG CAG TGC GCC 1347 
Asn Gly Pro Glu Thr Gly Thr Pro Thr Pro Ala Asn Lys Gin cya Ala 
430 435 440 

GCG AAG GAC TAC GTG GTG GAG ACG GCG TGC CTG CTG ATG GCG GAG ATC 1395 
40 Ala Lys Asp Tyr val Val Glu Thr Ala Cy3 Leu Leu Met Ala Glu lie 

445 450 455 

TTC TAC CGC TAC GAC GAG TTC GTG TGC GCC GAC GAC GCC ATC TCC GTG 1443 
*he Tyr Arg Tyr Asp Glu Phe Val Cya Ala Aap Asp Ala lie Ser Val 
460 465 470 
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25 



45 
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ES 



ACG AAG CTG GAT AGA GCG AGA GAA TGG GAG TAA ACGGTATTCA AGTCGGAAGC 1496 
Thr Lys Leu Asp Arg Ala Arg Glu Trp Glu * 
475 480 

GACATAAGGA GACGGCCAAC TCCACCGTTG CTAATTCAAG TCGTACTCCA AATCGGTATT 1556 

CATATCATCG TTCCATTGGG GTGATGAAGA GATAAATAAA ATTTGACGTT GCAGGAGGCT 1616 

ACAAAAAAAA aaaaaaaaaa AA 1638 
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(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS ; 

(A) LENGTH: 463 aiaino acids 

(0) TYPE: amino acid 

(D) topology: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION; SEQ 10 NO; 2: 

Met Ala Met Met Trp Ser Ser Ala Ser Ala Thr Ala Val Thr Thr Leu 
Iff 1 5 10 is 

Pro Thr Arg Pro lie Pro Gly Ser Tyr Gly Pro Pro Leu Val Gly Pro 
20 25 30 

Leu Lye Asp Arg Leu Aap Tyr Phe Trp Phe Glxi Gly Pro Glu Thr Phs 
20 35 40 4S 

Phe Arg Ser Arg Met Ala Thr His hyu Ser Thr Val Phe Arg Thr Asn 
50 55 60 

Met Pro Pro Thr Phe Pro Phe Phe val Gly Val Asp Pro Arg Val Val 
25 65 70 75 80 

Thr Val Leu Asp Cya Thr Ser Phe Ser Ala Leu Phe Asp Leu Glu val 
85 90 95 

val Glu Lys Lys Asn lie Leu lie Gly Asp Tyr Met Pro Ser Leu Ser 
30 100 105 HO 

Phe Thr Gly Asp Thr Arg Val Val Val Tyr Leu Aap Pro Ser Glu Pro 
115 120 125 

Asp His Ala Arg Val Lys Ser Phe Cys Leu Glu Leu Leu Arg Arg Gly 
35 130 135 140 

\ 

Ala Lys Thr Trp Val Ser Ser Phe Leu Ser Asa Leu Asp val Met Leu 
"5 150 155 160 

Ala Thr Xle Glu Gin Gly lie Ala Lys Asp Gly Ser Ala Gly Leu Phe 
40 165 170 175 

Gly Pro Leu Glu Lys Cy* He Phe Ala Phe Leu Cys Lya Ser He He 
180 1S5 190 

Gly Ala Asp Pro Ser Val Ser Pro Asp Val Gly Glu Asn Gly Phe Val 
45 195 200 205 

Met Leu Asp Lys Trp Leu Ala lieu Gin Leu Leu Pro Thr val Lys Val 
210 215 220 

M GlY Ala lie pro Gin Pro Leu Glu Glu He Leu Leu Hi? Ser Phe Pro 

* 225 230 235 240 

Leu Pro Phe Phe Leu Val Ser Arg Asp Tyr Arg Lys Leu Tyr Glu Phe 
24S 250 255 

6$ 
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Val Glu Lys Gin Gly Gin Glu Val Val Arg Arg Ala Glu Thr Glu His 
260 265 270 

Gly Leu Ser Lys His Asp Ala He ASn Asn lie Leu Phe Val Leu Gly 
275 280 285 

Phe Asn Ala Phe Gly Gly Phe Ser Veil Phe Pha Pro Thi- Leu Leu Thr 
290 295 300 

Khr lie Gly Arg Asp Lys TChr Gly Leu Arg Glu Lys Leu Lys Asp Glu 
30S 310 315 320 

Val Arg Arg Val Het Lys Ser Arg Gly Glu Lys Arg Pro Ser Phe Glu 
325 330 335 

Thr Val Arg Glu Met Glu Leu Val Arg Ser Thr Val Tyr Glu Val Leu 
340 345 350 

Arg Leu Asn Pro Pro Val Pro Leu Gin Tyr Gly Arg Ala Arg Thr Asp 
355 360 365 

Phe Thr Leu Asn Ser His Asp Ala Ala Phe Lys Val Glu Lys Gly Glu 
370 375 380 

Leu Leu Cys Gly Tyr Gin Pro Leu Val Met Arg Asp Pro Ala Val Phe 
385 390 395 400 

Asp Asp Pro Glu Thr Phe Ala Pro Glu Arg Phe Met Gly Ser Gly Lys 
405 410 415 

Glu Leu Leu Lys Tyr Val Phe Trp Ser Asn Gly Pro Glu Thr Gly Thr 
420 425 430 

Pro Thr Pro Ala Asn Lys Gin Cys Ala Ala Lys Asp Tyr Val Val Glu 
as 435 440 445 

Thr Ala Cys Leu Leu Met Ala Glu lie Phe Tyr Arg Tyr Asp Glu Phe 
450 455 460 
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Val Cys Ala Asp Asp Ala lie Ser Val Thr Lys Leu Asp Arg Ala Arg 
465 470 475 480 

Glu Trp Glu * 



Claims 

$o 1. Isolated DNA sequences encoding proteins with HPQ lyase activity or fragments thereof. 

2. A DNA sequence according to claim 1 comprising the nucleotide sequence SEQ ID No:1 or a fragment thereof or 
a nucleotide sequence substantially homologous to the nucleotide sequence SEQ ID No:1 or a fragment thereof. 

ss 3. A vector comprising a DNA sequence as claimed in claim 1 or 2. 

4* A vector as claimed in claim 3 capable of directing expression in prokaryofic, yeast, plant and insect host cells. 

5. A host transformed with a vector as claimed in claims 3 and 4 selected from the group consisting of a prokaryote, 
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a yeast, a plant and an insect celL 

6. The host of claim 5 which is a yeast 

s 7. Recombinant proteins with HPO lyass activity encoded by a DNA sequence as claimed in claims 1 and 2. 

8. A recombinant protein according to claim 7 comprising the amino acid sequence SEQ ID No2 or an amino acid 
sequence substantially homologous to the amino acid sequence SEQ ID No£. 

to a. A method for producing a protein as claimed in claims 7 and 8 comprising cultivating a host as claimed in claims 5 
and 6 in a suitable medium and isolating said protein. 

10. Recombinant proteins with HPO lyase activity whenever prepared by a process as claimed in claim 9. 

is 11. The use of a recombinant protein according to claims 7 and 8 in the production of natural green note compounds. 

12. A process for the production of green note compounds, which process comprises the steps of: 

(a) reacting fatty acid hydroperoxide with recombinant proteins according to claims 7 and 8; and 

20 

(b) reacting the resulting aliphatic aldehydes with isomerase and/or alcohol dehydrogenase 
1$. A process for producing ds-3-hoxenol, which process comprises the steps of: 

25 (a) reacting 1 3-(S)-hydrppero»de Gnolenic acid with recombinant proteins according to claims 7 and 8] and 

(b) reducing the resulting cts-3-hexenal with alcohol dehydrogenase. 

14. An odorant and/or flavorant composition comprising green note compounds prepared by the process of claim 12. 

so 

15. An odorant and/or flavorant composition comprising cfe-3-hexanol prepared by the process of claim 13. 

16. Use of green note compounds prepared by the process of claim 12 as odorant and/br flavorant 
ss 17. Use of cis-3-hexenol prepared by the process of claim 13 as odorant and/or flavorant 

40 
46 
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